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Abstract 

Cognitive impairment is a result of dementia of diverse causes, such as cholinergic dysfunction and Alzheimer's disease (AD). 
Houttuynia cordata Thunb. (Saururaceae) has long been used as a traditional herbal medicine. It has biological activities including 
protective effects against amyloid beta (Ap) toxicity, via regulation of calcium homeostasis, in rat hippocampal cells. To extend 
previous reports, we investigated the effects of water extracts of H. cordata herb (HCW) on tauopathies, also involving calcium 
influx. We then confirmed the effects of HCW in improving memory impairment and neuronal damage in mice with A|3-induced 
neurotoxicity. We also investigated the effects of HCW against scopolamine-induced cholinergic dysfunction in mice. In primary 
neuronal cells, HCW inhibited the phosphorylation of tau by regulating p25/p35 expression in Ap-induced neurotoxicity. In mice 
with Ap-induced neurotoxicity, HCW improved cognitive impairment, as assessed with behavioral tasks, such as novel object 
recognition, Y-maze, and passive avoidance tasks. HCW also inhibited the degeneration of neurons in the CA3 region of the 
hippocampus in Ap-induced neurotoxicity. Moreover, HCW, which had an IC 50 value of 79.7 p:g/ml for acetylcholinesterase inhibi- 
tion, ameliorated scopolamine-induced cognitive impairment significantly in Y-maze and passive avoidance tasks. These results 
indicate that HCW improved cognitive impairment, due to cholinergic dysfunction, with inhibitory effects against tauopathies and 
cholinergic antagonists, suggesting that HCW may be an interesting candidate to investigate for the treatment of AD. 
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INTRODUCTION 

Cholinergic neurons containing acetylcholine (ACh) as a 
direct indicator of cholinergic neurotransmitter are involved in 
memory and cognition by enhancing afferent input, synaps- 
es, and maintenance of novel information in where memory 
is encoded in the brain (Drachman and Leavitt, 1974; Schli- 
ebs and Arendt, 2011). Much attention has been focused on 
neuronal dysfunction, especially cholinergic dysfunction in the 
brain, which can eventually lead to cognitive impairment and 
the decline into dementia (Schliebs and Arendt, 2011). In the 
basal forebrain cholinergic system, it has been found that a 
decrease in the ACh concentration occurs in cholinergic syn- 
aptic clefts in the brain of a patient suffering from cognitive im- 



pairment (Farlow and Cummings, 2008). Thus, re-increasing 
the ACh concentration in the cholinergic synaptic cleft could 
be useful to treat the cognitive impairment in patients with de- 
mentia including Alzheimer's disease (AD) which is the most 
common neurodegenerative disease (Farlow and Cummings, 
2008). 

Additionally, although there are various causes of cholin- 
ergic dysfunction, amyloid beta (Ap) deposition and neurofi- 
brillary tangles bring about the cholinergic dysfunction usually 
found in the hippocampus and basal forebrain cholinergic sys- 
tem in AD, leading to cholinergic deficiency and synapse loss 
(Zheng efa/., 2002; Schliebs and Arendt, 2011). Accumulation 
of Ap, a peptide of 40-43 amino acids, acts as a neurotoxin be- 
cause it forms a p-sheet structure and then induces neuronal 
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death and synaptic loss (Grace ef al., 2002). Ap also interacts 
directly with neurons, leading to apoptosis via increasing intra- 
cellular calcium levels, generation of reactive oxygen species, 
cholinergic dysfunction, and the abnormal overphosphoryla- 
tion of tau (Busciglio era/., 1995). Thus, in helping to improve 
cholinergic dysfunction due to Ap toxicity, agents against tau 
phosphorylation and cholinergic antagonists could be effective 
for the development of new drugs for treating cognitive impair- 
ment (Terry et al., 1991 ; Van der Zee and Luiten, 1999). 

The aerial part of Houttuynia cordata Thunb. (Hottuyniae 
Herba, Saururaceae) is a traditional herbal medicine forfurun- 
culus, disorders of urines and fever in East Asia and, recently, 
it has been shown to have effective anti-inflammatory, antiox- 
idant, anti-virus, and anti-leukemic effects (Chen et al., 2003; 
Toda, 2005; Nuengchamnong et al., 2009; Shin ef al., 2010; 
Tian ef a/., 2011). Additionally, there is a report that H. cordata 
enhances memory and learning in a mouse model via an anti- 
oxidant effect (Shi etal., 2004). In a previous study, we report- 
ed that H. cordata had a protective effect against Ap-toxicity 
in regulating intracellular calcium levels, preventing reactive 
oxygen species overproduction, and inhibiting mitochondria- 
mediated apoptosis in rat primary neuronal cells (Park and 
Oh, 2012). Although there are a few reports of H. cordata and 
effects in memory impairment, there is no reported research 
about improving cholinergic dysfunction with H. cordata by in- 
hibiting tauopathies, confirmed with in vivo experiments. 

In this study, we investigated the effects of H. cordata on im- 
proving memory impairment by inhibiting tauopathies caused 
by increasing intracellular calcium levels as an extension of 
our previous study. Factors involved in tauopathies, the p25/ 
CDK5 complex and p-tau205 were analyzed and the cognitive 
effects of H. cordata were confirmed by in vivo studies. Also, 
the development of cholinergic dysfunction and the effects of 
H. cordata were examined using a scopolamine-injected in 
vivo model. 



MATERIALS AND METHODS 

Materials 

Neurobasal medium and B27 supplement were purchased 
from Gibco (Carlsbad, CA, USA). Penicillin and Streptomy- 
cin were purchased from Hyclone Lab Inc. (Logan, UT, USA). 
Chlorogenic acid, caffeic acid, poly-L-lysine (PLL), Ap 25 35 , Ap 1 42 , 
dimethyl sulfoxide (DMSO), glutamine, sodium chloride, phos- 
phate-buffered saline (PBS), glycine, trizma base, 9-amino- 
1,2,3,4-tetrahydroacridine hydrochloride (tacrine), scopolamine 
hydrobromide, acetylthiocholine iodide, 5,5'-dithiobis-2-nitro- 
benzoicacid (DTNB), and sodium bicarbonate were purchased 
from Sigma-Aldrich (St. Louis, MO, USA). Tetramethylethyl- 
enediamine, Tween- 20, ammonium persulfate, acrylamide, 
enhanced chemiluminescence (ECL) reagent, and skimmed 
milk were purchased from Bio-Rad Lab (Hercules, CA, USA). 
Donepezil hydrochloride was supplied by Eisai Korea Co., Ltd. 
(Aricept, Seoul, Korea). Mouse anti-p-actin, rabbit anti-p35 (C- 
19), and rabbit anti-phospho-tau (p-tau, Thr205) antibodies 
were purchased from Santa Cruz Biotechnology Inc. (Santa 
Cruz, CA, USA). Mouse anti-neuronal nuclei (NeuN) antibody 
was obtained from from Millipore Corp. (Billerica, MA, USA). 
Biotinylated anti-rabbit antibody, normal goat serum, and an 
avidin biotin peroxidase complex (ABC) standard kit were pur- 
chased from Vector Lab (Burlingame, CA, USA). Anti-rabbit 



and anti-mouse horseradish peroxidase secondary antibod- 
ies were purchased from Assay Designs Inc. (Ann Arbor, Ml, 
USA). Zoletil 50® and Rompun® were purchased from Virbac 
(Carros, France) and Bayer Korea (Seoul, Korea), respec- 
tively. Ap 25 35 and AP 1 42 were reconstituted in sterile water at 
a concentration of 500 and 1 mg/ml for in vitro and in vivo 
assays, respectively. Aliquots were incubated at 37°C for 72 
h or 120 h to form aggregated amyloid. A dried Houttuyniae 
Herba was purchased from Jung Do herbal Drug Co. (Seoul, 
Korea) and the voucher specimen (KHUOPS-MH022) was de- 
posited in the herbarium of the College of Pharmacy, Kyung 
Hee University (Seoul, Korea). The Houttuynia cordata water 
extract (HCW) was prepared according to methods published 
previously (Park and Oh, 2012). 

Primary cultures of neuronal cells 

Primary cultures of cortical neurons were prepared accord- 
ing to methods published previously (Park and Oh, 2012). 

Western blot 

The primary culture cells were lysed with a triple-detergent 
lysis buffer to dectect p35, p25 and tau according to the man- 
ufacturer's instructions. The lysates were separated by 10% 
SDS-PAGE and then transferred to a membrane. Membranes 
were incubated with 5% skimmed milk in Tris-buffered saline 
and Tween 20 for 1 h and then with the primary antibodies 
(1:500 dilution of p35, p25, p-tau, and p-actin) overnight at 
4°C, followed by incubation with horseradish peroxidase-con- 
jugated secondary antibodies for 1 h. Immunoreactive bands 
were detected using an enhanced chemiluminescence detec- 
tion kit, and a LAS-4000 mini system (Fujifilm Corporation) 
was used for visualization. The intensities of the bands were 
normalized to the non-phospho-form band or p-actin band us- 
ing Multi Gauge software (Fujifilm Corporation). 

Animals 

Male ICR mice (8 weeks, 27-30 g) were purchased from the 
Daehan Biolink Co. Ltd. (Eumseong, Korea). Animals were 
housed 5 or 6 per cage, had free access to water and food, 
and maintained under a constant temperature (23 ± 1°C), hu- 
midity (60 ± 10%), and a 12 h light/dark cycle. Animal treat- 
ment and maintenance were carried out in accordance with 
the Principle of Laboratory Animal Care (NIH publication No. 
85-23, revised 1985) and the Animal Care and Use Guidelines 
of Kyung Hee University, Seoul, Korea. 

A(3 injection, scopolamine injection and drug administration 

Mice were immediately anesthetized by mixture of Zoletil 
50® and Rompun® solution (3:1 ratio, 1 mL/kg, i.p.) and mount- 
ed in a stereotaxic apparatus (myNeuroLab, St. Louis, MO, 
USA). Each mouse was unilaterally injected (at rate 0.5 v-LI 
min) with 3 of Ap 1 42 (1 mg/mL) into the hilus of dentate gy- 
rus (DG) of hippocampus (coordinates with respect to bregma 
in mm: AP -2.0, ML 1 .5, DV 2.0), according to the stereotaxic 
atlas of mouse brain (Paxinos and Franklin, 2001 ). The sham- 
operated mice were injected with the same volume of saline 
alone. The accuracy of stereotaxic injection to the targeted 
region was monitored in all animals by examination of the 
needle tract within brain sections. The mice were randomly 
divided into 5 groups (n=6 in each group); (1) Control group 
(sham-operated plus intraorally saline-treated group), (2) Ap 
toxicity group (Ap 1 42 -lesioned plus intraorally saline-treated 
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group), (3) Ap toxicity+HCW 100 mg/kg/day group (Ap 142 - 
lesioned plus intraorally HCW 100 mg/kg/day treated group), 
(4) Ap toxicity+HCW 200 mg/kg/day group (Ap^-lesioned 
plus intraorally HCW 200 mg/kg/day treated group). HCW dis- 
solved in saline was administered once per day for 3 consecu- 
tive days before stereotaxic injection and 6 consecutive days 
after stereotaxic injection. 

In the scopolamine-induced memory impairment study, 
mice were randomly divided into 6 groups (n=10 in each gro- 
up). HCW (100, 200, and 400 mg/kg, p.o.) were given as a 
single administration 1 h before the acquisition trial in the ani- 
mal behavior test. Memory impairment was induced by sco- 
polamine injection (1.1 mg/kg, i.p.) 30 min before the acquisi- 
tion trial in the animal behavior test. 

Novel object recognition task 

The novel object recognition test (NORT) was performed 
according to the method described previously (Karasawa et 
at., 2008). The experiments were carried out in a gray open 
field box (45x45x50 cm). Prior to the test, mice were habit- 
uated to the test box for 5 min without objects. After a ha- 
bituation period, mice were placed into the test box with two 
identical objects and allowed to explore for 3 min. The obje- 
cts used in this study were wooden blocks of the same size 
but different shape. The time spent by the animal exploring 
each object was measured (defined as the training session). 
Twenty-four hours after training session, mice were allowed to 
explore the objects for 3 min, in which familiar object used in 
the previous training session was placed with a novel object. 
The time that the animals spent exploring the novel and the 
familiar objects were recorded (defined as the test session). 
The animals were regarded to be exploring when they were 
facing, sniffing or biting the object. The test box and objects 
were cleaned with 70% ethanol between sessions. Results 
were expressed as percentage of novel object recognition ti- 
me (time percentage=novel/[novel+familiar]xl00). 

Y-maze task 

The Y-maze is the three arms horizontal maze which the 
arems are dioposed at 120° angles from each other (40 cm 
long and 3 cm wide with 12 cm high walls). The constituent 
of the maze floor and walls has been described previously 
(Kim et a/., 2014). Each arm has the sequence like A, B and 
C and mice were placed within any arm. Numbers of arm en- 
tries were recorded manually for each mouse over an 8 min. 
period. An actual alternation was defined as entries into all 
three arms on consecutive choices like ABC, CAB, or BCA. 
Maze arms were thoroughly cleaned between tasks to remove 
residual odors. The result was expressed as percentage of 
alternation to the following equation: % Alternation=[(Number 
of alternations)/(Total arm entries-2)]xl00. 

Passive avoidance task 

Learning and memory test was performed using a two-com- 
partment step-through passive avoidance apparatus. The box 
was divided into bright (21x21x21 cm) and dark (21x21x21 
cm) compartments by a guillotine door. The bright compart- 
ment contained an 50 W electric lamp, and the floor of the 
dark compartment was composed of 2 mm stainless steel rods 
spaced 1 cm apart. Mice were treated with HCW or vehicle 1 
h before the acquisition trial and initially placed in the bright 
compartment for the acquisition trial. The door between the 



two compartments was opened 10 s later. Then, when the 
hind legs of the mice entered into the dark chamber, the guil- 
lotine door was closed and electrical foot shock (0.6 mA) was 
delivered through the grid floor for 3 s. The mice were again 
placed in the bright chamber for the retention trial 24 h after 
the acquisition trial. The time taken for a mouse to enter the 
dark chamber after the door opening was defined as the la- 
tency time. The latency time was recorded for up to 300 s. 

Immunohistochemistry and quantification 

At behavioral tests, mice were perfused transcardially 
with 0.05 M PBS, and then fixed with cold 4% PFA in 0.1 M 
phosphate buffer. Brains were removed and post-fixed in 0.1 
M phosphate buffer containing 4% PFA overnight at 4°C and 
then immersed in a solution containing 30% sucrose in 0.05 
M PBS for cryoprotection. Serial 30 ^m-thick coronal sections 
were cut on a freezing microtome (Leica, Nussloch, Germany) 
and stored in cryoprotectant (25% ethylene glycol, 25% glyc- 
erol, and 0.05 M phosphate buffer) at 4°C until use. For im- 
munohistochemical study, brain sections were briefly rinsed in 
PBS and treated with 1% hydrogen peroxide for 15 min. The 
sections were incubated with a mouse anti-NeuN antibody 
(1:1000 dilution) overnight at 4°C in the presence of 0.3% tri- 
ton X-100 and NGS. After rinsing in PBS buffer, the sections 
were then incubated with biotinylated anti-mouse IgG (1:200 
dilution) for 90 min and with ABC (1:100 dilution) for 1 h at 
room temperature. Peroxidase activity was visualized by in- 
cubating sections with DAB in 0.05 M tris-buffered saline (pH 
7.6). After several rinses with PBS, sections were mounted 
on gelatin-coated slices, dehydrated, and cover-slipped using 
histomount medium. The optical density of NeuN-immunore- 
activities in the CA3 of hippocampus region was analyzed with 
ImageJ software (Bethesda, MD, USA). For measurement of 
the optical density of NeuN-immunoreactivity, the total region 
of interest was manually outlined and averaged optical densi- 
ties were acquired in images with converted eight-bit indexed 
color. The images were photographed at 200xmagnificati- 
on using an optical light microscope (Olympus Microscope 
System BX51; Olympus, Tokyo, Japan) equipped with a 20x 
objective lens. Data are presented as percentages of sham 
group values. 

Acetylcholinesterase inhibition assay 

The acetycholinesterase inhibition assay we used is to ex- 
amine in a colorimetric method, as described Elman's method 
(Ellman et at., 1961). We used acetylthiochline iodide as a 
substrate, eel enzyme in purification as the source of enzyme. 
Each drug was initially dissolved in distilled water and diluted 
to several concentrations (HCW, 62.5-1000 ng/ml) immediate- 
ly before use. The positive control was Tacrine (0.1 M), which 
was used to treatment AD like donepezil. An aliquot of diluted 
drug solution was the mixed with 715 \i\ of phosphate buffer 
(0.1 M, pH 8.0), 25 nl of buffered Ellman's reagent [10 mM5, 
50-dithio-bis (2-nitrobenzoicacid),15mMsodium bicarbonate], 
and the enzyme source (25 and the mixture was pre-incu- 
bated at room temperature for 5 min. Absorbance was mea- 
sured at 410 nm 5 min after For blank, each mixture divided 
in half in each column and the one of them, the addition of 2.5 
\i\ of acetylthiocholined iodide solution (75 mM) was added for 
reaction and the other had no addition to exclude the interfer- 
ence pigment in each drug. After additional 5 min incubation 
time in room temperature, Absorbance was measured at 410 



http://dx.doi.Org/1 0.4062/biomolther.201 4.040 



178 



Huh et al. Houttuynia cordata Extract Attenuated Cholinergic Dysfunction 



p35 
p25 
(3-actin 



200 
150 

■4= o 
co i: 
c 

co o 100 

25 ° 

CM 

°- — 50 



HCW (ng/ml) 
Roscovitine (^M) 



10 100 



Ap (8 nM) 



HCW (ng/ml) 
Roscovitine (|aM) 



10 100 



Ap (8 |xM) 



Fig. 1. Effects of HCW on inhibition of the cleavage p35 to p25 induced byAp toxicity in rat primary neuronal cells. Neuronal cells were 
treated with HCW 30 min before the treating with 8 \M Ap for a total of 24 h and Western blot was performed (A) to measure the cleavage 
p35 to p25 level (B). Values are expressed as the mean ± SEM (n=4). ^0.05 compared with the control group, *p<0.05 and **p<0.01 as 
compared to the Ap-treated group. 
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Fig. 2. Effect of HCW on inhibition of the phosphorylated tau induced by Ap toxicity in rat primary neuronal cells. Cortical neurons were 
treated with HCW 30 min before the treating with 8 \M Ap for a total of 24 h and Western blot was performed (A) to measure the p-tau 205 
level (B). Values are indicated as the mean ± SEM (n=4). "*p<0.01 compared with the control group, **p<0.01 and ***p<0.001 as compared 
to the Ap-treated group. 



nm. The concentration of drug required to inhibit acetylcholin- 
esterase (AChE) activity by 50% (IC 50 ) was calculated using 
an enzyme inhibition dose-response curve. 

Statistical analysis 

All statistical parameters were calculated using Graphpad 
Prism 4.0 software. Values were expressed as the mean ± 
Standard Error of the Mean (S.E.M.). The results of NORT was 
analyzed by Student's f-test followed by the Mann-Whitney 
test. Other results were analyzed by one-way ANOVA analysis 
followed by the Tukey's post hoc test. Differences with a p 
value less than 0.05 were considered statistically significant. 

RESULTS 

Effects of HCW on inhibiting the cleavage of p35 to 
p25/CDK5 complex in rat primary neuronal cells 

To investigate the effects of HCW on Ap toxicity-induced 
cleavage of p35 to p25 in primary cortical cells, we performed 
Western blots to recognize the p35 and p25 forms. This cleav- 
age induces p25/CDK5 complex formation, an activated form 
that causes tau protein phosphorylation. Exposure to 8 \M Ap 
increased the ratio of p25/p35 versus the control group (Fig. 
1, 141.29 ± 8.61% of the control). Treatment with roscovitine, 
a specific inhibitor of CDK5 as a positive control, alleviated the 



effect of Ap toxicity (1 06.77 ± 30.62%). Treatment with HCW at 
10 and 100 ng/mL decreased the ratio of p25/p35 significant- 
ly (113.83 ± 9.41% and 97.06 ± 8.70%, respectively). Thus, 
treatment with HCW had the effect of inhibiting the conversion 
of p35 to p25, induced byAp toxicity in primary cortical cells at 
low and high doses. Also, the effect of treatment with HCW at 
100 ng/mL was comparable to the positive control. 

Effects of HCW in inhibiting tau hyperphosphorylation in 
rat primary neuronal cells 

Tau in neurofibrillary tangles in AD brain is hyperphosphory- 
lated. To examine the degree of phosphorylation of tau protein 
in Ap toxicity, we performed Western blots with anti p-tau (Thr 
205). The level of p-tau was increased by exposure to 8 ^M Ap 
versus the control group (Fig. 2, 157 ± 18.76% of the control). 
Treatment with roscovitine, as a positive control, had the effect 
of reducing the phophorylation of tau induced in Ap toxicity 
(65.21 ± 8.81%). Treatment with HCW at 100 ug/mL also at- 
tenuated tau phosphorylation significantly (96.72 ± 12.01%). 
Thus, HCW has the effect of inhibiting the phosphorylation of 
tau protein. Indeed, the effect of treatment with HCW at 100 
|K|/mL was comparable to the positive control. 

Effects of HCW on memory development in an A(3 model 
with NORT, Y-Maze, and PAT 

The NORT was performed to investigate whether HCW 
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Fig. 3. Effects of HCW on improving memory dysfunction in intrahippocampal Ap-injected mice. In NORT, portions of recognizing novel 
object were measured (A). In Y-maze test, spontaneous alternation behavior and numbers of arm entries were measured (B). In PAT, the 
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Fig. 4. Protective effects of HCW on neuronal cells damaged by Ap in hippocampal CA3 region. The NeuN immunoreactivity was detected 
(A). Representative photomicrographs are shown for the CA3 regions of each group (B-E). Values are expressed as the mean ± S.E.M. 
Scale bar=30 |xm. *p<0.05 as compared to the control group. *p<0.05 as compared with the Ap-injected group. 



improved memory impairment in mice with Ap injected in 
the brain. The time spent exploring a novel object in the Ap- 
injected group (63.89 ± 2.87%) was shorter than that in the 
control group (82.54 ± 1.97%; Fig. 3A). However, treatment 
with HCW at 100 and 200 mg/kg/day resulted in significant 
improvements in cognitive deficits in this task (74.91 ± 2.74% 
and 77.82 ± 2.89%, respectively). During the training session, 
no significant difference in exploratory preferences was found 
for any of the groups. The Y-maze and passive avoidance 
tasks (PAT) were also performed. The Y-maze was used to 
examine effects of HCW on brain impairment due to Ap neu- 
rotoxicity. In this task, the percentage of alternating in the Ap- 
injected group (57.34 ± 1.58%) was significantly lower than 
that of the control group (68.08 ± 1 .00%). Treatment with HCW 



at 100 mg/kg/day showed no significant difference with the 
Ap-injected group (63.96 ± 4.82%). HCW at 200 mg/kg/day 
(66.03 ± 1 .05%) showed a significant effect compared with the 
Ap-injected group (Fig. 3B). In PAT, the retention time of the 
Ap-injected group (43.59 ± 5.29 s) was significantly shorter 
than that of the control group (215.53 ± 26.72 s). There was 
no significant difference with HCW treatment at 100 mg/kg/ 
day (95.62 ± 45.22 s) versus the Ap-injected group, but treat- 
ment with HCW at 200 mg/kg/day (106.86 ± 12.74 s) showed 
a significant improvement in the cognitive deficit triggered by 
Ap toxicity in this task (Fig. 3C). No significant difference was 
observed in passive avoidance test latencies during the acqui- 
sition trial in any group. 
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Effects of HCW in protecting neurons from A(3 toxicity in CA3 

To evaluate the effects of HCW against Ap toxicity, we per- 
formed NeuN immunohistochemistry in the mouse hippocam- 
pus. NeuN, the neuronal nuclear antigen, is commonly used 
as an indicator of mature postmitotic neurons. The Ap-injected 
group (Fig. 4C, 89.57 ± 1.43%) showed decreased NeuN in 
the CA3 region of the hippocampus, compared with control 
group (Fig. 4B, 100 ± 2.46%). Treatment with HCW at 100 and 
200 mg/kg/day increased the level of NeuN, showing a neu- 
roprotective effect, restoring neurons. Treatment with HCW at 
1 00 mg/kg/day (Fig. 4D, 90. 1 7 ± 1 .90%) showed no significant 
difference versus the Ap-injected group. In contrast, NeuN in- 
tensity in the CA3 region of the hippocampus was increased 
significantly by treatment with HCW at 200 mg/kg/day (Fig. 
4E, 107.48 ± 3.18%), like the control group. 

Effects of HCW on memory development in a scopolamine 
model assessed with Ymaze and PAT 

The Y-maze was used to examine the effects of HCW on 
cognitive deficits due to cholinergic dysfunction in scopol- 
amine-treated mice (1.1 mg/kg, /.p.). In this task, the spon- 
taneous alternations showed that the scopolamine-treated 
group had memory dysfunction; thus, the percentage of al- 
ternation in the scopolamine-treated group (52.44 ± 1.76%) 
was significantly lower than that of the control group (62.71 ± 
2.33%). Treatment with HCW at 400 mg/kg/day and donepezil 
at 5 mg/kg/day groups (61.40 ± 2.11% and 62.44 ± 2.61%, 
respectively) had significant effects compared with the sco- 
polamine-treatment group. Percentages in these groups were 



similar to that of the control group. The percentages in groups 
treated with HCW at 100 and 200 mg/kg/day showed some ef- 
fects but they were not statistically significantly different from 
the scopolamine-treated group (58.45 ± 2.34 and 56.47 ± 
1.92%, respectively; Fig. 5A). 

PATs were also performed. The retention time in the scopol- 
amine-treated group (42.60 ± 6.25 s) was significantly shorter 
than that of the control group (180.41 ± 26.19 s). There was no 
significant difference between treatment with HCW at 100 mg/ 
kg/day (60.36 ± 19.22 s) and the scopolamine-treated group. 
In contrast, treatment with HCW at 200 and 400 mg/kg/day 
(81.36 ± 15.74 and 87.73 ± 9.67 s) and donepezil 5 mg/kg/ 
day (95.63 ± 15.61 s) showed significant improvement in the 
scopolamine-induced cognitive deficit in this task (Fig. 5B). No 
difference was observed in passive avoidance latencies dur- 
ing the acquisition trial in any group. 

Effects of HCW on AChE inhibition 

The AChE inhibition assay was carried out using a acetyl- 
thiocholine iodide substrate by a colorimetric method. HCW 
inhibited AChE activity in a dose-dependent manner, with IC 50 
value was 79.67 u.g/mL where tacrine at 0.1 inhibited it 
80.40% (Fig. 6). 



DISCUSSION 

Cholinergic dysfunction can be due to many factors, such 
as Ap toxicity, neurofibrillary tangles, or neurotransmitter an- 
tagonists, and induces disorders in the signaling systems in 
the brain. Ap, a major cause of AD, disrupts the cholinergic 
system via up-regulating calcium influx (Leon and Marco-Con- 
telles, 2011; Arora et al., 2013). When calcium influx increas- 
es, it leads to a variety of events, such as apoptosis and tau 
phosphorylation, leading to cognitive impairment (Hartig ef al., 
2007; Duan etal., 2013). As shown previously, we demonstrat- 
ed that HCW had a neuroprotective effect via regulating cal- 
cium influx and mitochondria-mediated apoptosis, induced by 
Ap toxicity, in primary rat neuronal cells (Park and Oh, 2012). 
Based on these data, we expected that HCW might regulate 
a calcium-related cascade involving tau phosphorylation. Ex- 
tending our previous experiments, we assessed the cleavage 
of p35 to p25/CDK5 complex and the phosphorylation of tau 
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protein, controlled by calcium influx. Hyperphosphorylated tau 
is found in the neurofibrillary tangles in neuronal cells, leading 
to cognitive impairment (Lee et al., 2000; Jayapalan and Na- 
tarajan, 2013). CDK5, cyclin-dependent kinase 5, is required 
for a proper development of the brain and it needs the regula- 
tory subunit, p35, which changes in form to p25, influenced 
by Ca 2+ levels. The p25/CDK5 complex hyperphosphorylates 
tau protein, and induces apoptosis with cytoskeletal disruption 
(Jayapalan and Natarajan, 2013; Lee ef al., 2000). We as- 
sessed the levels of p25, p35, and p-tau205 protein, related 
to the pathway of tau hyperphosphorylation (Mondragon-Ro- 
driguez et al., 2014) due to Ap toxicity in rat primary neuronal 
cells. The results showed that there were significant effects of 
HCW in inhibiting the conversion of p35 to p25, the formation 
of the p25/CDK5 complex, induced by A|3 toxicity in primary 
cortical cells. Also, HCW has the effect of inhibiting the phos- 
phorylation of tau protein. Considering the previous study, we 
expected that HCW would suppress the phosphorylation of 
tau protein by regulating Ca 2+ levels affected by Ap toxicity. 

To confirm the effects of HCW on cognition, we performed 
behavioral tests, such as the NORT, Y-maze, and PAT in an 
ADIike in vivo model induced by Ap toxicity. Each task has 
a different role in investigating effects on memory. NORT is 
known to evaluate the function of the hippocampal region in 
making new memories, such as with novel objects, and short- 
term memory (Grayson et al., 2007). The Y-maze task evalu- 
ates the role of the hippocampal region in the consolidation 
of short-term to long-term memory and the memory of space 
(Conrad et al., 1996). The PAT is related to the amygdala-hip- 
pocampus complex, which regulates memory consolidation 
(Roozendaal, 2002). In this study, Ap toxicity-induced memory 
dysfunction which is related to spatial and object recognition in 
NORT, spatial working memory in Y-maze task, and fear mo- 
tivated in PAT was overcome by HCW treatment. Moreover, 
these results indicated improvement in memory regions in the 
brain; thus, we assessed the CA3 region of the hippocampus 
(Shors et al., 2001) via performing neuronal cell staining us- 
ing NeuN factor, which is used to measure mature neurons 
related to neuronal development (Collombet et al., 2011). In 
this study, we found a statistically significant effect between 
the HCW-treated groups and the Ap-injected group, indicating 
the possible neuroprotective effect of HCW. 

"Cholinergic dysfunction" involves several mechanisms, 
not fully understood, but blocking cholinergic receptors may 
be one cause related to cognitive degeneration in AD patients 
(Terry etai, 1991 ; Van der Zee and Luiten, 1999). Amyloid tox- 
icity directly affects neuronal physiology, particulary in cholin- 
ergic system, with biochemical alteration, neuroinflammation, 
deregulation of neuroprotective systems, resulting neurode- 
generation and behavioral alterations which show symptom- 
atic and pathophysiological similarities to AD (Zussy ef al, 
2011). Thus, we examined the effects of HCW in Ap-injected 
mice model. Then we continued to work on the study using 
scopolamine-injected mice, a cholinergic dysfunction model of 
an antagonist of ACh because scopolamine induce memory 
deficits are similar to those found in age-related dysfunction 
in central nervous system and is a useful tool for investigat- 
ing learning and memory studies which involved in cholinergic 
system (Oh et al., 2013). We performed the Y-maze task and 
PAT to estimate memory consolidation (Conrad ef al., 1996; 
Roozendaal, 2002). Considering AD, each task is related to 
long-term memory and memory consolidation, so it can model 



the effects of memory improvement in AD's cholinergic dys- 
function. The results showed that HCW improved cholinergic 
dysfunction in the scopolamine model dose-dependently. In 
particular, the effects of treatment with HCW at 400 mg/kg/day 
were as effective as the positive control group in PAT. These 
results suggest that HCW has the potential to treat cognitive 
dysfunction. 

We also performed an AChE inhibition assay to assess 
HCWs effect on the cholinergic system. In the AChE inhibition 
assay, the IC 50 value of HCW was 79.67 ug/mL, while that of 
ginkgo biloba is 268.33 ug/mL (Das ef al., 2002). According 
to this result, HCW may be a competitive herbal treatment for 
AChE inhibition with other herbal extracts. Taken together, the 
results reported here indicate that HCW has neuroprotective 
effects against memory impairment by inhibiting tau hyper- 
phosphorylation and cholinergic dysfunction. 

In conclusion, we evaluated HCW, in vitro and in vivo, and 
conclude that it has effects on cognitive development in two 
ways, improving cholinergic dysfunction induced by tau hy- 
perphosphorylation and blocking cholinergic receptors. In ad- 
dition, HCW has a neuroprotective effect via inhibiting Ca 2+ - 
induced apoptosis. Phenolic compounds are well known to 
have antioxidant, anti-inflammatory, and anti-apoptotic effects, 
then they have been reported to inhibit neurotoxin-induced 
damages, resulting neuroprotection (Zhao, 2009; Joseph ef 
al., 2010). Chlorogenic acid and caffeic acid have a neuro- 
protective effect against methylglyoxal or cryo-injury via anti- 
apoptotic and antiinflammatory activities (Zhang ef al., 2007; 
Huang ef al., 2008). Also, chlorogenic acid has anti-amnesic 
effect via inhibition of AChE activity (Kwon etai, 2010). In ad- 
dition, quercetin and rutin were also showed protective effect 
from neuronal damage induced byAp and ischemia (Ansari ef 
al., 2009; Khan et al., 2009). Thus, we assumed that phenolic 
compounds in HCW could partially contribute the effects in the 
present study. From these results, HCW may be an effective 
treatment for improving the cholinergic system and protecting 
neurons from toxicity. We suggest that HCW may be an inter- 
esting candidate to investigate for the treatment of AD. 



ACKNOWLEDGMENTS 

This study was performed using research funds from Kyung 
Hee University (20100639). 



REFERENCES 

Ansari, M. A, Abdul, H. M., Joshi, G., Opii, W. O. and Butterfield, D. 
A. (2009) Protective effect of quercetin in primary neurons against 
Ap(1-42): relevance to Alzheimer's disease. J. Nutr. Biochem. 20, 
269-275. 

Arora, K., Alfulaij, N., Higa, J. K., Panee, J. and Nichols, R. A. (2013) 
Impact of sustained exposure to p-amyloid on calcium homeostasis 
and neuronal integrity in model nerve cell system expressing a4p2 
nicotinic acetylcholine receptors. J. Biol. Chem. 288, 11175-11190. 

Busciglio, J., Lorenzo, A., Yeh, J. and Yankner, B. A. (1995) Beta- 
amyloid fibrils induce tau phosphorylation and loss of microtubule 
binding. Neuron 14, 879-888. 

Chen, Y. Y, Liu, J. R, Chen, C. M., Chao, P. Y. and Chang, T. J. (2003) 
A study of the antioxidative and antimutagenic effects of Houttuynia 
cordata Thunb. using an oxidized frying oil-fed model. J. Nutr. Sci. 
Vitaminol. 49, 327-333. 

Collombet, J. M., Beracochea, D., Liscia, P., Pierard, C, Lallement, 



http://dx.doi.Org/1 0.4062/biomolther.201 4.040 



182 



Huh et al. Houttuynia cordata Extract Attenuated Cholinergic Dysfunction 



G. and Filliat, P. (2011) Long-term effects of cytokine treatment on 
cognitive behavioral recovery and neuronal regeneration in soman- 
poisoned mice. Behav. Brain Res. 221, 261-270. 

Conrad, C. D., Galea, L. A., Kuroda, Y. and McEwen, B. S. (1996) 
Chronic stress impairs rat spatial memory on the Y maze, and this 
effect is blocked by tianeptine pretreatment. Behav. Neurosci. 110, 
1321-1334. 

Das, A., Shanker, G., Nath, C, Pal, R., Singh, S. and Singh, H. K. 
(2002) A comparative study in rodents of standardized extracts of 
Bacopa monniera and Ginkgo biloba: anticholinesterase and cog- 
nitive enhancing activities. Pharmacol. Biochem. Behav. 73, 893- 
900. 

Drachman, D. A. and Leavitt, J. (1 974) Human memory and the cholin- 
ergic system. A relationship to againg? Arch. Neurol. 30, 113-121. 

Duan, D. X., Chai, G. S., Ni, Z. R, Hu, Y, Luo, Y, Cheng, X. S., Chen, 
N. N., Wang, J. Z. and Liu, G. P. (2013) Phosphorylation of tau by 
death-associated protein kinase 1 antagonizes the kinase-induced 
cell apoptosis. J. Alzheimers. Dis. 37, 795-808. 

Ellman, G. L., Courtney, K. D., Andres, V. Jr. and Reather-stone, R. M. 
(1961) A new and rapid colorimetric determination of acetylcholin- 
esterase activity. Biochem. Pharmacol. 7, 88-95. 

Rarlow, M. R. and Cummings, J. (2008) A modern hypothesis: the dis- 
tinct pathologies of dementia associated with Parkinson's disease 
versus Alzheimer's disease. Dement. Geriatr. Cogn. Disord. 25, 
301-308. 

Grace, E. A., Rabiner, C. A. and Busciglio, J. (2002) Characterization 
of neuronal dystrophy induced by fibrillar amyloidp: implications for 
Alzheimer's disease. Neuroscience 114, 265-273. 

Grayson, B., Idris, N. F. and Neill, J. C. (2007) Atypical antipsychotics 
attenuate a sub-chronic PCP-induced cognitive deficit in the novel 
object recognition task in the rat. Behav. Brain Res. 184, 31-38. 

Hartig, W., Stieler, J., Boerema, A. S., Wolf, J., Schmidt, U., Weissfuss, 
J., Bullmann, T., Strijkstra, A. M. and Arendt, T. (2007) Hibernation 
model of tau phosphorylation in hamsters: selective vulnerability of 
cholinergic basal forebrain neurons - implications for Alzheimer's 
disease. Eur. J. Neurosci. 25, 69-80. 

Huang, S. M., Chuang, H. C, Wu, C. H. and Yen, G. C. (2008) Cyto- 
protective effects of phenolic acids on methylglyoxal-induced apop- 
tosis in Neuro-2A cells. Mol. Nutr. Food Res. 52, 940-949. 

Jayapalan, S. and Natarajan, J. (2013) The role of CDK5 and GSK3B 
kinases in hyperphosphorylation of microtubule associated protein 
tau (MAPT) in Alzheimer's disease. Bioinformation 9, 1023-1030. 

Joseph, J. A., Shukitt-Hale, B., Brewer, G. J., Weikel, K. A., Kalt, W. 
and Fisher, D. R. (2010) Differential protection among fraction- 
ated blueberry polyphenolic families against DA-, AB(42)- and LPS- 
induced decrements in Ca(2+) buffering in primary hippocampal 
cells. J. Agric. Food Chem. 58, 8196-8204. 

Karasawa, J., Hashimoto, K. and Chaki, S. (2008) D-Serine and a 
glycine transporter inhibitor improve MK-801 -induced cognitive 
deficits in a novel object recognition test in rats. Behav. Brain Res. 
186, 78-83. 

Khan, M. M., Ahmad, A., Ishrat, T., Khuwaja, G., Srivastawa, P., Khan, 
M. B., Raza, S. S., Javed, H., Vaibhav, K., Khan, A. and Islam, F. 

(2009) Rutin protects the neural damage induced by transient focal 
ischemia in rats. Brain Res. 1292, 123-135. 

Kim, H. G., Moon, M., Choi, J. G., Park, G., Kim A. J., Hur, J., Lee, K. 
T. and Oh, M. S. (2014) Donepezil inhibits the amyloid-beta oligo- 
mer-induced microglial activation in vitro and in vivo. Neurotoxicol- 
ogy 40, 23-32. 

Kwon, S. H., Lee, H. K., Kim, J. A., Hong, S. I., Kim, H. C, Jo, T. 

H. , Park, Y. I., Lee, C. K., Kim, Y. B., Lee, S. Y. and Jang, C. G. 

(2010) Neuroprotective effects of chlorogenicacid on scopolamine- 
induced amnesia via anti-acetylcholiesterase and anti-oxidative 
activities in mice. Eur. J. Pharmacol. 649, 210-217. 

Leon, R. and Marco-Contelles, J. (2011) A step further towards mul- 
titarget drugs for Alzheimer and neuronal vascular diseases: tar- 
geting the cholinergic system, amyloid-B aggregation and Ca(2+) 



dyshomeostasis. Curr. Med. Chem. 18, 552-576. 
Lee, M., Kwon, Y. T., Li, M., Peng, J., Friedlander, R. M. and Tsai, L. 

H. (2000) Neurotoxicity induces cleavage of p35 to p25 by calpain. 

Nature 405, 360-364. 
Mondragon-Rodriguez, S., Perry, G., Luna-Munoz, J., Acevedo-Aqui- 

no, M. C. and Williams, S. (2014) Phosphorylation of tau protein 

at sites Ser (396-404) is one of the earliest events in Alzheimer's 

disease and Down syndrome. Neuropathol. Appl. Neurobiol. 40, 

121-135. 

Nuengchamnong, N., Krittasilp, K. and Ingkaninan, K. (2009) Rapid 
screening and identification of antioxidants in aqueous extracts of 
Houttuynia cordata using LC-ESI-MS coupled with DPPH assay. 
Food Chem. 117, 750-756. 

Oh, S. R., Kim, S. J., Kim, D. H., Ryu, J. H., Ahn, E. M. and Jung, J. W. 
(2013) Angelica keiskei ameliorates scopolamine-induced memory 
impairments in mice. Biol. Pharm. Bull. 36, 82-88. 

Park, H. and Oh, M. S. (2012) Houttuyniae Herba protects rat primary 
cortical cells from Ap(25-35)-induced neurotoxicity via regulation 
of calcium influx and mitochondria-mediated apoptosis. Hum. Exp. 
Toxicol. 31 , 698-709. 

Paxinos, G. and Franklin, K. B. J. (2001) The mouse brain in stereo- 
taxic coordinates. 2nd ed. San Diego: Academic Press. 

Roozendaal, B. (2002) Stress and memory: opposing effects of gluco- 
corticoids on memory consolidation and memory retrieval. Neuro- 
biol. Learn. Mem. 78, 578-595. 

Schliebs, R. and Arendt, T. (2011) The cholinergic system in aging and 
neuronal degeneration. Behav. Brain Res. 221, 555-563. 

Shi, L., Dong, R. and Ji, J. (2004) Effect of Herba Houttuyniae injec- 
tion on the ability of learning and memory of mice. J. Southeast 
University. 

Shin, S., Joo, S. S., Jeon, J. H., Park, D., Jang, M. J., Kim, T. O., 
Kim, H. K., Hwang, B. Y, Kim, K. Y. and Kim, Y. B. (2010) Anti- 
inflammatory effects of a Houttuynia cordata supercritical extract. 
J. Ver. Sci. 11, 273-275. 

Shors, T. J., Miesegaes, G., Beylin, A., Zhao, M., Rydel, T. and Gould, 
E. (2001) Neurogenesis in the adult is involved in the formation of 
trace memories. Nature 410, 372-376. 

Terry, R. D., Masliah, E., Salmon, D. P., Butters, N., DeTeresa, R., Hill, 
R., Hansen, L. A. and Katzman, R. (1991) Physical basis of cogni- 
tive alterations in Alzheimer's disease: synapse loss is the major 
correlate of cognitive impairment. Ann. Neurol. 30, 572-580. 

Tian, L., Zhao, Y, Guo, C. and Yang, X. (2011) A comparative study on 
the antioxidant activities of an acidic polysaccharide and various 
solvent extracts derived from herbal Houttuynia cordata. Carbo- 
hydr. Polym. 83, 537-544. 

Toda, S. (2005) Antioxidative effects of polyphenols in leaves of Hout- 
tuynia cordata on protein fragmentation by copper-hydrogen per- 
oxide in vitro. J. Med. Food 8, 266-268. 

Van der Zee, E. A. and Luiten, P. G. (1999) Muscarinic acetylcholine 
receptors in the hippocampus, neocortex and amygdala: a review 
of immunocytochemical localization in relation to learning and 
memory. Prog. Neurobiol. 58, 409-471 . 

Zhang, L., Zhang, W. P., Chen, K. D., Qian, X. D., Fang, S. H., Wei, 
E. Q. (2007) Caffeic acid attenuates neuronal damage, astrogliosis 
and glial scar formation in mouse brain with cryoinjury. Life Sci. 
80, 530-537. 

Zhao, B. (2009) Natural antioxidants protect neurons in Alzheimer's 
disease and Parkinson's disease. Neurochem. Res. 34, 630-638. 

Zheng, W. H., Bastianetto, S., Mennicken, R, Ma, W. and Kar, S. 
(2002) Amyloid 8 peptide induces tau phosphorylation and loss of 
cholinergic neurons in rat primary septal cultures. Neuroscience 
115, 201-211. 

Zussy, O, Brureau, A., Delair, B., Marchal, S., Keller, E., Ixart, G., Na- 
ert, G., Meunier, J., Chevallier, N., Maurice, T, Givalois L. (2011) 
Time-course and regional analyses of the physiopathological ch- 
anges induced after cerebral injection of an amyloid B fragment in 
rats. Am. J. Pathol. 179, 315-334. 



183 



www.biomolther.org 



